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SUMMARY

The program described here was designed to present fully textured images as part
of a study of human form perception. Use of the program requires only a commercial
vidco-controller board installed in an IBM PC/AT and a standard vidco monitor. The
program generates high-resolution (up to 512 x 512 x 8 bit) images and presents them
cither singly or in pairs using a procedure which takes into account the subject’s previous
responses. The program aceepts subject responses in the form of numbers cntered on a
standard computer keyboard. The images generated by the program are composed of
sinusoids which arc added together to produce texture patterns whose components vary
in both oricntation and level of detail. The program analyzes and plots the responsc data
and also allows the monitor to be automatically calibrated using light measurement data
storcd in a look-up table.
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PREFACE

This rescarch was performed in support of the Training Technology Planning
Objective of the Rescarch and Technology Plan at the Operations Training Division of
the Air Force Human Resources Laboratory, Williams Air Force Basce, Arizona. The
general objective of this training research and developrient program is to identify and
demonstrate cost-cffective strategics and new training systems for developing and
maintaining combat effectivencss. The purpose of the present experiment was to clucidate
the basic mechanisms underlying visually guided behavior in flight simulators.

The authors thank Dr. Ychoshua Zeevi,who provided the techniques and programs
uscd in the texture generation routines. Drs. Don Lyon, Ychoshua Zeevi, and John Uhfatik
contributed to the design of the experimental procedures which have been implemented
in the programs described in this report. We also thank Dr. Elizabeth Martin for her
support and cncouragement. This rescarch was supported by the Air Force Office of
Scientific Rescarch, Life Sciences, Work Unit 2313-T3-12, Cognitive Aspects of Flight
Training, Dr. Elizabcth L. Martin, Principal Investigator; and by Air Force Contract
F33615-87-C-0012 (UDRT), Work Unit 1123-03-83, Flying Training Rescarch Support,
Capt. Paul M. Choudck, Contract Monitor.
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TEXTURE DISCRIMINATION RESEARCH USING AN IBM PC
I. INTRODUCTION

The program GEXPT2.C, which is described here, has been used to conduct form
processing rescarch using an IBM PC/AT in conjunction with a commercial
vidco-controller card (Image Action PCVision or Data Translation Model DT2871) and
astandard rastcr monitor. The program was developed as part of a study of human texture
pcreeption performed »° the Basic Research Laboratory at the Air Force Human
Resources Laboratory, Wiliiams AFB, Arizona. Texture stimuli were gencrated by adding
together various numbers of sinusoidal luminance profiles, cach with a specific spatial
frequency, orientation, and phase. The resulting stimuii were presented in pairs, with one
member of cach pair on cither side of a fixation point. The observers were asked cither
to ratc the perceived similarity of the stimulus pair by assigning to it a number between |
and 7 or to depress once of two switches on a response box, attached to the computer’s
paralicl port, depending on which side of the display corresponded to the signal of interest.
The program also provides for the prescatation of adapting stimuli when the DT2871
board is uscd. Finally, the program analyzes and plots the data for both experimental
paradigms as required.

As the programs described here have been used in their present form as part of an
on-going form processing rescarch project, portions of the programs and their
documentation arc specific to the stimuli and techniques used in that rescarch. The
programs arc, however, modular in design and may be adaptea 2 other experimental
paradigms. Familiarity with the programs’ structure and function may be required to make
such changes, and in some cascs readers may find it more expedient to usc individuai
modules in their own programs.

II. DOCUMENTATION FOR PROGRAM "GEXPT2.C"

GEXPT2.Cis a menu-controlled program designed to present visual texture stimuli
onastandard rastcr monitor using a commercial video-controller card installed in an IBM
PC/AT. This program (a) initializes the video controller; (b) collects, analyzes, and plots
both similarity rating data and threshold discrimination data; (c) creates files which specify
the components in a particular texture image; (d) generates texture images using those
files; and (c) maintains a look-up table containing monitor calibration data.

The texture images arc generated by adding together sinusoidal functions whosc
spatial frequency, orientation, position, size, and phasc can be independentlyvaricd. Other
images may be uscd providing that they conform to the format established by Imaging
Technology Inc. in their ImageAction software (version 2.0). This format is composed of
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three parts: a 64-byte header, a variably sized comment arca, and a variably sized data
arca which contains the image in binary form (sce the Image Action User’s Guide, Part
Number 47-500003-02, July 1985). As prescntly configured, the program also requires
that the image files be of the form "xxxxxxxy.img" where "x»xxxxx" is the image name
entered under option "Add an image name to a sct" in the "Modify Sct Info" menu, and
"y"is cither "I" or "r" denoting the left and right components of the image pair.

The following is a gencral overview of GEXPT2.C which describes the menu system
it uses, the associated prozrams used in its development, and cach of the files which make
up the program.

Menu System

GEXPT2 is driven by a menu sclection system. A list of possible actions is displayed
and onc letier in cach possibility is highlighted (by using a color different from the rest of
the text). A prompt is displayed at the end of the list, requesting that a sclection key be
pressed. When the user presses onc of the highlighted characters, that action is taken.
All menus throughout the program carry the same basic pattern: A menu title is displayed,
a list of options is displayed, and the user selects the action by pressing the appropriate
key (casc is =ot significant). To return to a previous menu, the user should press ESC (or
x). If an invalid key is pressed, a beep is sounded. Options which Iead to another menu
have the word "Menu™ in the action description. All the menus in the program will now
be given, along with a list of possible keypresses for each menu.




The Main menu has the following options: 1, d, C, L, M, T, R, x, ESC. It looks like
this:

GEXPT 2: Main Mcnu

Initialize graphics hardware
Collect/Analyze same/diffcrent data menu
Collect/Analyze similaritv data menu

List Responses

Modify group information

Texture generation menu

Recalibrate monitor menu

EXxit program
<ESC> Exit program

Enter Option: __

The Collect/analyze samc/differcnt data menu has the following options: A, C, D, G, S,
T, x, <ESC>. Tt looks like this:

GEXPT 2: Same/Different Data Coliect/Analyze Menu

Analyzce data file

Colleci data

Display group scquence

Graph summary file

Sci group presentation sequence
Test response box

Exit menu
<ESC> Exit menu

Enter Option: _




The Collect/analyze similarity data menu has the following options: A, C, D, G, S, x, <ESC>.
It looks like this:

GEXPT 2: Similarity Data Collcct/Analyze Mcnu

Analyze data file

Collect data

Display group presentation scquence
Graph summary file

Set group presentation sequence

Exit menu

<ESC> Exit menu

Entcr Option: _

The Modify group information menu has the following options: A, D, M, x, <ESC>. It
looks like this:

GEXPT 2: Modify Group Info

Currcnt Groups:  ’group 17, ‘group 2’, ‘group 3’, ‘group 4.
Add a group

Dclete a group

Modify a group’s sct cntrics

Exit menu
<ESC> Exit mznu

Enter Option:




The Modify set info menu (Modify group information submenu) has the following options:
AD1,2,3,4,56,7,8,9,x, ESC. It looks like this:

GEXPT 2: Modify Sct Info

Current Scts (page 1 of 1):
SET A (4,6):  pgdlég (1), g4l7g(2), g418g(3), g419g(4).

Add an image name to a sct
Dclete an image name from a sct
# of page to display

Exit menu
<ESC> Exit menu

Enter Option: __

The Texture gencration/presentation menu has the following options: C, M, p, i, A, F, D,
G, E, L, S, x, <ESC>. It looks like this:

GEXPT 2: Texturc Generation/Presentation Mcenu

Creatc image component info file
Make textured images

Convert image to left/right pair
Convert image file to ASCII file
Convert ASCII file to image file
Flash image pairs

Display onc pair of images

Grab (digitize) an image and save it
Extract a subimage from an image
List files

Shell to DOS

Exit menu
<ESC> Exit menu

Enter Option: _




Finally,the Recalibrate monitor menuhas the following options: C, L, P, G, R, S, x, <ESC>.
It looks like this:

GEXPT 2: Calibration Menu

Change idcal rcadings
Load calibration filc

Print calibration tablcs
Graph calibration rcadings
Recalibrate monitor

Savc calibration filc

Exit menu
<ESC> Exit menu

Entcr Option: _

Responding to Prompts

In the GEXPT2 program, data arc cntered using two types of prompis. The first
type is wnat uscd-in choosing a menu option. The uscr simply presses one of the highlighted
letters and that action is taken. The second type of prompt is that uscd for entering
numbers, strings, ctc. When this prompt is issued, anything the user types is displayed
using a color different from that in which the prompt was issucd. If the backspace key is
pressed, the last letter entered will be deleted. If the ESC key is pressed, a backstroke
(\) will be displayed on a new line and cverything which was typed up to that point is
ignored. Dcfault options arc supplicd with many of the prompts. To use the default, press
cnter without any characters preceding it. Also, to Iessen the burden of constantly t/ping
in pathnames for filename prompts, the back single quote (') can be entered to sclect the
default path for the filctype. For summary files and raw data files, the default is \data.
For image files, the default is \scr. For all other filetypes, the default is the directory in
which GEXPT2 is located. The program assumes the following dircctory structure:

|
|--\GEXPT\DATA (contains the data and summary files)

|

\
l
|--AGEXPT (contains all of the GEXPT?2 fiics)
! |
|
l
|--\SCR (contains the texture images)




The program assumes the following filc cxtensions:
.CAL for calibration files
.RAW for raw data filcs
SUM for summarized data files (which can be plotted)
IMG for image files
.ASC for ASCII image files

Also, when displaying images (Texture generation’nresentation menu), image filenames
may be preceded with two back single quotes () to indicate the name is of the format
\scr\g###g?.img wherc the ### is the number which follows the two back singic quotes
and the "?" is replaced with "[" (left) for the first image and with "r" (right) for the sccond
image. For example, if “416 and “417 were entcred at the respective prompts, it would
translate to the image names \scr\gd16gl.img and \scr\g417gr.img.

Program Development Environment
The following programs were used in the development of GEXPT2:

TURBO C 2.0, Borland, Inc.). This is the C language compilcr which was used to
compile the majority of the files. All files ending with .C (C language files) and .H (C
header files ) were compiled with this program.

TASM 1.0, Borland, Inc.). This is the assembler used to compile all of the .ASM
(asscmbly) files.

MAKE 1.0, Borland, Inc.). This is the utility used to ensurc that all the files compiled
were up to date. If they were not, it issued the appropriate commands to recompile files
and relink them.

TLINK 1.0, Borland, Inc.). This is the linker used to link the object files together.

TD, Borland, Inc.). This is the debugger used to debug the program.

The environment was sct up so that C files could be brought into the TURBO C
cditor and then modified, recompiled, and relinked. The file GEXPT2.PRJ tells TC which
filcs must be recompiled after a change has been made (provided nonce of the assembly
files have been modificd). However, as the program became progressively larger, it was
no longer possible to run the program from within the cnvironment. So, the file
MAKEFILE. was created to tell the MAKE utility how to do the compilation and linking
of the GEXPT 2 program. Thus, it is now possible to completely recompile the program
simply by typing MAKE.

Program File Structure

The GEXPT 2 program has a large number of files, and keeping track of what each
of them does can be difficult. The following is a list of ali of the files comprising GEXPT
2, as well as a short cxplanation of how cach file is used.




MAKEFILE. This file contains a list of the files which nced to be compiled (or
asscmbled) and alist that specifics the other files upon which they depend. Also, it contains
the instructions which must be executed to recompile the program, clcan up the dircctory,
save the files to disk, and to retricve the files from disk. This filc is uscd only by the MAKE
utility.

GEXPT2.PRJ This filc also contains a list of file dependencics. However, it is used
only by the TURBO C integrated project make to determine when files need to be
rccompiled.

CONSTANT.H This file contains a list of all the gencral constants uscd throughout
the prrgram. It contains: the constants uscd for analyzing data (hcader size, maximum
number of groups, ctc.), the default file dircctories, filenames for the gencral input and
output files (such as the name of the file to which the image creation data arc written),
the image creation/analysis dcfaults (such as what the default center x value is), menu
display constants (such as what color is used to display normal text), response box constants
(such as which button indicates a "same" responsc), system-specific constants (such as
what the expansion character is), and gencral type definitions (such as byte, woid, dword,
and boolcan).

GEXPT2.H This filc contains a list of the functions for which GEXPT2.C has the
codc (and which other routines can call).

GEXPT2.C This file contains thc main driver for the GEXPT 2 program. It contains
the code which displays the main menu, initializes the graphics hardware, lists the responscs
from a data file, modifics group information, and modifics set information.

GEXPT2A.H This file contains a list of the functions for which GEXPT2A.C has
the code (and which other routines can call).

GEXPT2A.C This file contains the code which displays the texturc menu, converts
an ASCII image to a binary image, crcates the image generation information file, creatcs
left/right pairs from a lcft version of the image, displays two images, extracts a portion of
an image from an imagc, flashes a sequence of images (listed in another file), grabs an
image, converts a binary image to an ASCII image, and exits the program to create an
image using onc of the external image generation programs. Esscntially, this file contains
all of the code which is rcquircd to exccute the actions listed on the texturc
gencration/presentation menu.

GEXPT2B.H This filc contains a list of the functions for which GEXPT2B.C has
the code (and which other routines can call).

GEXPT2B.C This file contains the code which analyzes the similarity data, collects
the similarity data, displays the similarity cxperiment’s group sequence, displays the
similarity data collection menu, flashes the screens during similarity data collection, graphs
similarity data summary files, randomizces the similarity trials, and sets the similarity group
sequences. Esscentially, this file contains all of the code which is required to exceute the
actions listed on the similarity data collect/analyze menu.




GEXPT2C.H This file contains a list of the functions for which GEXPT2C.C has
the code (and which other routines can call).

GEXPT2C.C This file contains the code which calculates a look-up table, displays
the calibration menu, retrieves the ideal calibration, loads a calibration file, prints the
calibration tables, rccalibrates the monitor, and saves a calibration file. Essentially, this
file contains all of the code which is required to execute the actions on the rccalibrate
monitor menu.

GEXPT2D.H This file contains a list of the functions for which GEXPT2D.C has
the code (and which other routines can call).

GEXPT2D.C This file contains the code which analyzes the same/different data,
collects the same/different data, displays the same/different collect/analyze menu, flashes
the screens during same/different data collection, graphs same/different data summary
files, randomizes the same/diffcrent trials, displays the same/different group sequences,
and sets the samc/different group sequences. Essentially, this file contains all of the codc
which is required to cxecute the actions on the same/different collect/analyze data menu.

DT2871.H This file contains the constants and type dcfinitions necessary to interface
with the DT2871 graphics card. It also lists the routines which can be called by other
routings.

DT2871.C This file contains the code to access a buffer, clear the screen, turn the
display on and off, display a scrcen, initialize the DT2871 board, print the header
information from an image, read an image from disk into a screen, read two images
(simultancously) from the disk into a screen, hold a screcn on the display for a given
number of refreshes, set the write protect for the given bitplanes, stop all board operations,
and writc the contents of a look-up table. Essentially, this file contains all of the code
which is required to program the DT2871 graphics card to provide the standard list of
graphical functions.

PCVISION.H This file contains the constants and typc dcfinitions nccessary to
intcrface with the PCVISION graphics card. It also lists the routines which can be called
by other routines.

PCVISION.C This filc contains the code which clears the screen, stops digitizing
an image, starts digitizing an image, initializes the PCVISION board, prints the image
hcader information, reads an image from the disk into a screen, saves an image from a
screen to disk, holds the displayed screen for a given nuimber of refreshes, sets the LUT
which will be written, and writes valucs into a look-up table.

PCWRAP.H This filc contains a list of the functions which other routines may call
to control the PCVISION board.

PCWRAP.C This file contains the code to redireet the standard list of graphical
functions to the specific functions on the PCVISION card. It was created only because
the PCVISION card does not support all of the functions the standard list requires. Since
the PCVISION module had already been written, it was faster to make this file than to
change the original PCVISION.C file.




TOOLBOX.H This file contains a list of the functions which other routines may
call and for which TOOLBOX.C contains the code.

TOOLBOX.C This file contains the code to confirm that a message has been scen,
get input from the user using a standard interface, print an error message, print an option
with the option keyletter highlighted, print a system error message, print a title page with
the title centered, swap two elements of any size, and swap two intzgers. Essentially, this
filc contains the codc for all the functions commonly used by GFX¥7 2,

RESPONSE.H This file contains type definitions nccess .o terface with the

response box. It also lists the functions which other routines may c....,, and for which
RESPONSE.C contains the code.

RESPONSE.C This file contains the codc to get a responsc from the responsce box
and to test the responsc box. Essentially, this file contains all of the code necessary to
interface with the responsc box.

386MOVE.H This filc contains the typc definitions required to interface with the
protected mode asscmbly routines. It also lists the routines which other routines may call
and for which 386MOVE.ASM contains the code.

386MOVE.ASM This file contains the code to transfer a block of memory from an
cxtended region to a conventional region, to transfer an image from a region of memory
to aDT2871 screen, to sct an extended or conventional region of memory to a given value,
to enter protected mode, to Icave protgeted mode; to turn address line 20 on,and ¢ff, 10
empty the 8042’s buffer, to handle cxceptions while in protected mode, and to print a
32-bit valuc to the screen while in protected mode.

GEXPT2.BAT This file contains the batch instructions necessary to allow GEXPT
2 to run until it wants to exccute onc of the protected mode programs, to execute the
protccted modc program, and to return after the protected mode program has finished.
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1. LISTING OF PROGRAMS MAKING UP "GEXPT2"

gexpt2.bat
constant.h
gexpt2.h
gexpt2.c
gexpt2a.h
gexpt2a.c
gexpt2b.h
gexpt2b.c
gexpt2c.h
gexpt2ce.c
gexpt2d.h
gexpt2d.c
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IV. LISTING OF AUXILIARY PROGRAMS
gexpt2.prj
makefile.

builtins.mak
de2871.h
dt2871.c
386move.h
386move.asm
pevision.h
pevision.c
pcewrap.h
pewrap.c
responsc.h
response.c
toolbox.h
toolbox.c
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